It is well known that Rett Syndrome, a severe postnatal childhood neurological disorder, is mostly caused by mutations in the MECP2 gene. However, how deficiencies in MeCP2 contribute to the neurological dysfunction of Rett Syndrome is not clear. We aimed to resolve the role of MeCP2 epigenetic regulation in postnatal brain development in an Mecp2-deficient mouse model. We found that, while Mecp2 was not critical for the production of immature neurons in the dentate gyrus (DG) of the hippocampus, the newly generated neurons exhibited pronounced deficits in neuronal maturation, including delayed transition into a more mature stage, altered expression of presynaptic proteins and reduced dendritic spine density. Furthermore, analysis of gene expression profiles of isolated DG granule neurons revealed abnormal expression levels of a number of genes previously shown to be important for synaptogenesis. Our studies suggest that MeCP2 plays a central role in neuronal maturation, which might be mediated through epigenetic control of expression pathways that are instrumental in both dendritic development and synaptogenesis.
Introduction
Rett Syndrome (RTT) is a neurodevelopmental disorder that affects one of every 15,000 female births. RTT patients develop normally until 6 to 18 months of age, but then regress rapidly experiencing a wide range of neurological defects, such as seizures, ataxia and stereotypical hand movements. Individuals affected by RTT often survive into adulthood, and while some symptoms stabilize, others may worsen (Hagberg et al., 1983; Hagberg and Witt-Engerstrom, 1986; Kriaucionis and Bird, 2003) . In most cases, RTT can be linked to loss-of-function mutations in the X-linked MECP2 gene (Amir et al., 1999) , which encodes a methylated-CpG binding protein that recruits additional factors such as histone deacetylase to repress transcription (Bird, 2002) . Several lines of Mecp2 mutant mice (KO) have been generated and these mice develop similar symptoms to those seen in RTT patients and have been widely used to study the etiology of human RTT (Chen et al., 2001; Guy et al., 2001; Shahbazian et al., 2002; Pelka et al., 2006) . Nevertheless, the neurodevelopmental pathways and specific genes targeted by the disruption of this epigenetic regulatory control have not been determined.
Recent experimental evidence indicates that MeCP2 may play a vital role in neuronal maturation (Bienvenu and Chelly, 2006) . A critical step in the process of neuronal maturation is synaptogenesis, which coincides with the increased expression of MeCP2 in developing neurons (Akbarian et al., 2001; Zoghbi, 2003) (Shahbazian and Zoghbi, 2002) , suggesting that epigenetic modulation of gene regulation during this period might be critical for brain development. In fact, postmortem analysis has demonstrated reduced numbers of axonal and dendritic processes, decreased dendritic spine density and lowered levels of the dendritic cytoskeletal protein MAP2 in RTT brains (Kaufmann and Moser, 2000; Armstrong, 2002) . Consistent with human pathology, pyramidal neurons in the cortex of adult Mecp2 null mutant (KO) mice were found to have smaller soma and less complex dendrites, though the morphology and density of dendritic spines were not determined in this study (Kishi and Macklis, 2004) . Exogenous Mecp2 expression could also lead to increased neurite complexity in cultured neurons (Jugloff et al., 2005) , further suggesting a role of MeCP2 in dendritic development. However, in another study, analyses of Golgi-stained cortical and subcortical neurons of Mecp2 truncation mutant mice (Mecp2 y/308 ) did not reveal significant abnormalities in either dendritic arbor or spine density (Moretti et al., 2006) . The discrepancy between these results could be due to differences in either the model systems analyzed or the methods used. Abnormalities in dendritic spines have been found in several developmental disorders [reviewed by Fiala et al., 2002] . Therefore it is critical to clarify whether Mecp2 mutations affect spine development by monitoring the maturation of single neurons in a well defined cell population in order to under-
